Studies on inhibition of mu and delta opioid receptor binding by dithiothreitol and N-ethylmaleimide. His223 is critical for mu opioid receptor binding and inactivation by N-ethylmaleimide.
The sensitivity of mu and delta receptor binding to dithiothreitol and N-ethylmaleimide was examined to probe receptor structure and function. Binding to both receptor types was inhibited by dithiothreitol (IC50 values = 250 mM), suggesting the presence of inaccessible but critical disulfide linkages. mu receptor binding was inhibited with more rapid kinetics and at lower N-ethylmaleimide concentrations than delta receptor binding. Ligand protection against N-ethylmaleimide inactivation suggested that alkylation was occurring within, or in the vicinity of, the receptor binding pocket. Sodium ions dramatically affected the IC50 of N-ethylmaleimide toward both receptor types in a ligand-dependent manner. Analysis of receptor chimeras suggested that the site of N-ethylmaleimide alkylation on the mu receptor was between transmembrane domains 3 and 5. Substitution of cysteines between transmembrane domains 3 and 5 and elsewhere had no effect on receptor binding or sensitivity toward N-ethylmaleimide. Serine substitution of His223 in the putative second extracellular loop linking transmembrane domains 4 and 5 protected against N-ethylmaleimide inactivation. The H223S substitution decreased the affinity of bremazocine 25-fold, highlighting the importance of this residue for the formation of the high affinity bremazocine binding site in the mu opioid receptor.